Given the potential benefits of this new system, assessment of the TLICS outside the institutions of Vaccaro and colleagues 11 is needed. The purpose of this paper was to evaluate the validity and safety of the TLICS with regard to neurological status in a prospective, consecutive clinical series of patients treated based on the TLICS.
Methods
Between 2009 and 2012 we prospectively analyzed a consecutive series of patients treated for thoracic and lumbar spinal trauma (from T-1 to L-5) in a tertiary trauma center that is responsible for high-energy and complex trauma patients (State University of Campinas, Brazil). As part of our institutional protocols, a CT scan with reconstructions was obtained in all patients to evaluate the spine. Additionally, patients with burst fractures without neurological deficits underwent MRI to assess the integrity of the PLC.
All patients were evaluated and treated by the same surgeon (A.F.J.), who was responsible for nonsurgical and surgical care and for assessing patients at follow-up. The TLICS system was prospectively applied to patients to aid in surgical decision making. Patients with a TLICS of 4 or more points underwent surgical treatment as soon as they were clinically stable. Those with a TLICS of less than 4 points underwent nonsurgical treatment comprising rigid brace for 8-12 weeks and early ambulation but with activity restrictions. Patients were allowed to cross over from one treatment arm to the other based on failure of the initial treatment, such as persistent pain, dysfunction, or spinal deformity, or for comorbidities that would preclude treatment.
Clinical and radiological data were evaluated, classifying the patient's injury according to American Spinal Injury Association Impairment Scale (AIS) status and TLICS. 5 Injuries were also classified as thoracic (T1-10), thoracolumbar (T11-L2), or lumbar (L3-5) spinal trauma. Demographic data including age and sex were recorded. Injury and treatment details were also recorded, including trauma etiology, treated fracture level (the most cranial when 2 consecutive vertebrae were involved), neurological status (pre-and posttreatment AIS classification), surgical approach, number of arthrodesis levels, and complications. The neurological status, based on the AIS grade, was the primary outcome measurement. Institutional ethics committee approval was obtained prior to the study.
Our standard protocols for treatment included the following.
Nonsurgical Management. An external lumbosacral or thoracolumbar orthosis, according to the level of injury, was prescribed for all patients who underwent nonsurgical treatment. Patients were mobilized immediately after application of the orthosis. The orthosis was used for 8-12 weeks with ambulation permitted but with other activities restricted. The orthosis was then discontinued and the patients were referred to a formal physical therapy program. Plain radiographs were obtained after 2 weeks, 1 month, 3 months, and 6 months of follow-up.
Surgical Management. All surgically treated patients were treated through an open posterior approach with pedicular screw fixation, realignment, and arthrodesis with autologous bone graft. Patients with neurological deficits and concomitant neural compression also underwent a posterior and/or a transpedicular decompression when both ventral and dorsal decompression was needed. No external orthosis was used after surgery. Early physical rehabilitation was initialized after the procedure, and ambulation was allowed in patients who were neurologically capable of walking. All patients underwent immediate CT scanning to check instrumentation location, decompression, and fracture realignment after surgery. After hospital discharge, patients were seen in the outpatient clinics, and standard plain radiographs were obtained after 2 weeks, 1 month, 3 months, and 6 months of followup. Instrumentation status, fracture reduction, and spinal alignment were assessed.
Results
Sixty-five consecutive patients with TLST were treated during the period of this study. Thirty-seven patients were initially treated nonsurgically (with a TLICS of 3 or fewer points). Of these, 28 (76%) underwent follow-up at our institution. Thirteen patients (46%) had compression fractures and 15 (54%) had burst fractures. All nonsurgical patients were neurologically intact at baseline. Age ranged from 17 to 70 years (mean 44.5 years). Twentytwo patients (78.6%) were male and 6 (21.4%) were female. Fall from height was the main cause of trauma (17 patients, 61%), followed by automobile accidents (5 patients, 18%). Regarding injury level, 6 patients (21.4%) had thoracic fractures (T1-10), 18 (64.3%) had thoraco- Of the nonsurgically treated patients, the TLICS ranged from 1 to 2 points (median 2 points, mean 1.5 points). Six patients with burst fractures underwent additional MRI. All of these patients were considered to have a normal PLC status. Follow-up ranged from 1 to 36 months (mean 6.7 months, median 3 months). No patient had a loss of neurological function during nonsurgical care. Two patients with burst fractures without neurological deficits (TLICS of 2 points) crossed over to surgical treatment. One of these patients underwent surgery after 3 months of conservative treatment due to refractory axial back pain. The other patient underwent surgery 1 year after injury for progressive kyphosis and a persistent complaint of local back pain (Fig. 2) . Both reported only mild to moderate improvement, reporting only partial relief of their back pain with continued use of oral narcotics. Both additionally have work-related litigation as a result of their injuries.
Twenty-eight patients were initially surgically treated, all of whom had a TLICS of 4 or more points. The TLICS ranged from 4 to 10 points (mean 7 points, median 7 points). Fracture classification morphology included 9 burst fractures (32%), 9 distractive injuries (32%), and 10 rotational injuries (36%). All 19 distractive and rotational injuries had a concomitant PLC injury.
Four patients had a TLICS of 4 points and were surgically treated; all had burst fractures. These fractures are summarized as follows: 1) a T-10 fracture without PLC injury and complete neurological deficit (AIS Grade A), 2) an L-1 fracture without PLC injury and a nerve root injury (AIS Grade E), 3) a T-4 fracture and an indeterminate PLC injury (diastasis of the facet joints) without neurological deficits (AIS Grade E), and 4) a T-2 fracture and MRI-suspected disruption of the PLC (Fig. 3 ).
In the surgical group, age ranged from 15 to 65 years (mean 33 years). Ten patients (36%) were female and 18 (64%) were male. Fall from height was the main cause of spinal cord injury (10 patients, 36%), followed by motorcycle (9 patients, 32%) and automobile (8 patients, 29%) accidents. Regarding injury level, 15 patients (54%) had thoracic fractures (T1-10), 11 (39%) had thoracolumbar fractures (T11-L2), and 2 (7%) had lumbar fractures (L3-5). Follow-up ranged from 1 to 18 months (mean 4.4 months, median 3 months). One patient had an early death (Case 22) during the same hospital admission of a traumatic brain injury.
The preoperative neurological status included 9 (32%) patients with AIS Grade E injuries, 6 (21%) with AIS Grade C, 1 (4%) with AIS Grade B, and 12 (43%) with AIS Grade A injuries. No patient experienced neurological worsening during the follow-up. Postoperative neurological status was AIS Grade E in 11 patients (39%), Grade D in 5 (18%), and Grade A in 12 patinets (43%) ( Table 2) .
Complications directly related to surgery included 2 patients with pedicle screw revision for asymptomatic misplacement and 4 patients with wound infections, 2 of whom required revision surgery for debridement without instrumentation removal or revision (Table 3) . One patient required a second surgical treatment for a persistent CSF leak associated with a traumatic durotomy that was identified and treated during the primary procedure. In all, 5 patients underwent 2 surgical procedures. One patient died on postoperative Day 4 due to a severe cerebral edema associated with a frontal lobe contusion. Surgery was performed 9 days after the head injury, and the patient was neurologically intact the day before and the day after surgery. He developed a fatal intracranial hypertension with brain swelling on the day after surgery. Despite a decompressive craniectomy, the patient died of intracranial hypertension. 
Discussion
This is the first paper to prospectively use the TLICS to guide surgical and nonsurgical care in the treatment of a consecutive series of patients with thoracolumbar spine trauma. This study provides evidence that the prospective clinical application of the TLICS system can safely guide surgeons toward surgical and nonsurgical care with low complication rates, low crossover rates, and safe neurological outcomes. In our series, 30 patients with thoracolumbar spine trauma were ultimately surgically treated.
Twenty-eight had a TLICS of 4 or more points and were primarily treated surgically. None of these patients had neurological worsening during follow-up. Two patients who were initially treated conservatively had late surgery, both with a TLICS of 2 points, for axial back pain and mild worsening of the segmental kyphosis. Neither patient had significant clinical improvement after surgery.
The ideal treatment of burst fractures in intact patients is controversial.
9,12 At our institution, we have treated all patients with burst fractures without neurological deficits conservatively, similar to the TLICS recommendations, as neurological deterioration is rare and treatment can be successful. Two of 37 patients initially treated with nonsurgical management in this study required late surgery. This represents 5.4% of the patients with a TLICS of 3 or lower. However, neither patient had neurological deterioration during the follow-up, attesting to the fact the TLICS can be applied prospectively with both efficacy and safety. Moreover, late surgery did not improve these 2 patients' outcomes, attesting the uncertainty of the treatment of burst fractures without neurological deficits. Joaquim et al. Sagittal MRI with suppression of fat signal suggesting PLC injury (arrow). The TLICS was 2 points (burst) + 2 points for suspected PLC disruption + 0 points for neurological status, giving a total of 4 points. E: Surgery was performed with T1-3 fixation. The patient required wound debridement but was doing fairly well at 7 months after surgery. performed a retrospective evaluation of 49 cases of TLST treated surgically and classified according to the TLICS. They reported that only 2 patients had a TLICS lower than 4 points.
4 These 2 patients also had a TLICS of 2 points (burst fracture without neurological injury) and were treated based on the surgeon's concerns of progressive deformity associated with severe fracture comminution. The TLICS does not uniquely consider the body height or the degree of comminution in burst fractures when determining injury severity or guiding treatment.
Interestingly, in a recent case-control study of 46 patients, Radcliff et al. evaluated the association of local kyphosis (> 20°) and vertebral body collapse (> 50%) with PLC injury in burst fractures.
7 They concluded that there was not a correlation between kyphosis or vertebral body collapse with PLC injury. These radiographic parameters (comminution, body height, and canal compromise) did not correlate to clinical outcomes in patients without neurological injury and intact PLC. This study further supports the exclusion of these specific radiographic measurements from the TLICS system.
Our follow-up was relatively short, varying from 1 to 36 months (mean 6.7 months, median 3 months) in the conservative group and from 1 to 18 months (mean 4.4 months, median 3 months) in the surgically treated group. Our hospital system, as a regional tertiary center, usually returns stable patients to regional hospitals or outpatient facilities. These patients are referred back only if there is a change in neurological status or if there are concerns regarding complications of fracture healing. As such, obtaining a greater percentage of patients with long-term follow-up is a limitation of our health system and, hence, of our study. Furthermore, it has been reported that most of the neurological improvement occurs in the first 6 months after trauma. [1] [2] [3] Based on this premise, we interpret our study to demonstrate that prospective utilization of the TLICS system is safe with regard to neurological outcomes; no patient worsened after treatment and all 7 patients with incomplete deficits had some improvement.
Another important point raised in our series is that all patients with distractive and rotational injuries had a PLC injury. A PLC evaluation is one of the 3 main factors considered in the decision-making process of the TLICS. However, the PLC evaluation is more important when classifying a compression or a burst fracture, as most distractive and rotational injuries have posterior ligamentous disruption. Although our protocol for MRI use presents the potential benefits of using an MRI in select patients with burst fractures, additional clinical studies are needed to determine specificity, sensitivity, and costeffectiveness.
The TLICS was safe in guiding us through the choice of surgical versus conservative management of thoracolumbar spine trauma with regard to neurological preservation. Our study is limited by its short follow-up, singlecenter nature, and lack of assessment of functional status other than neurological status. Patients with compression and burst fractures without neurological deficits can be treated nonsurgically without late neurological compromise. Surgically treated patients demonstrated no neurological deterioration. The treatment of burst fractures without deficits and the role of the MRI in the decisionmaking process requires further investigation. 
